ABSTRACT. A one-year-old female cat was unable to stand. Magnetic resonance imaging was performed, and an enlargement of the lateral, third, and fourth ventricles and syringomyelia were detected. The cat was diagnosed with an isolated fourth ventricle (IFV) with syringomyelia. The serum isoantibody test for the feline infectious peritonitis (FIP) virus was 1:3,200. After the cat died, a pathological examination revealed nonsuppurative encephalomyelitis. We suspected that the IFV, detected in the cat, was associated with FIP encephalomyelitis. To our knowledge, there has been no report on IFV in veterinary medicine. KEY WORDS: feline, isolated fourth ventricle, syringomyelia.
Isolated fourth ventricle (IFV) occurs when the fourth ventricle communicates with neither the third ventricle nor the basal cisterns due to blockage of the sylvian aqueduct and outlet of the fourth ventricle. In human medicine, IFV commonly occurs following shunting treatment for hydrocephalus [6, 17] . In veterinary medicine, to our knowledge, there has been no report regarding IFV. Syringomyelia is a disease that causes cavities in the spinal cord and may be associated with neoplasm, anomaly, arachnitis, trauma, etc [1] . Moreover, it has been reported that in human medicine, syringomyelia is caused secondary to IFV [10] . Here, we report the case of a cat having IFV with syringomyelia suspected to be related with feline infectious peritonitis (FIV) encephalomyelitis.
A one-year-old female cat with a body weight of 2.64 kg was unable to stand following treatment for ataxia at a private hospital. The postural reaction test revealed absence in the left limb and the right pelvic limb and decrease in the right thoracic limb. The menace reaction had also decreased. Moreover, the cat was unwilling to stretch her neck. The cat was admitted to our hospital (Nihon University Animal Medical Center) for a detailed examination. She exhibited anorexia, loss of body weight, and tetraplegia. Neurological examination revealed that all the limbs showed a decreased response in the postural reaction test; however, no abnormalities were noted in the cranial nerve test. We suspected that the cat had a lesion in the cranial and/or cervical area and hence, we performed magnetic resonance imaging (MRI) (0.5 Tesla, FlexArt, Toshiba, Tokyo) and collected cerebrospinal fluid (CSF). The MRI revealed enlargement of the fourth ventricle and a mild enlargedment of the third and lateral ventricles (Fig. 1a, b, c) . The images of inner wall of the fourth ventricle and the margin of the brain stem were enhanced by using a contrast agent (gadoteridol, 0.1 mmol/kg: ProHance ® , BRACCO International). Moreover, stenosis of the sylvian aqueduct, herniation of the cerebellum, and cervical syringomyelia were noted ( Fig. 2a,  b ; arrow and arrowheads). The periphery of the ventricles and meninges showed hyperintensity on the fluid attenuated inversion recovery (FLARE) images (Fig. 3) . CSF analysis revealed 423 mg/dl of protein, 280 cells/mm 3 (pleomonocytosis), and Pandy's test 4+. Serum isoantibody tests for the feline leukemia and feline immunodeficiency viruses were negative; however, that for the feline infectious peritonitis (FIP) virus was 1:3,200. The cat was hospitalized. Prednisolone (1 mg/kg, SC, q12h) and amoxicillin (22 mg/kg, PO, q12h) were administered to improve the appetite and increase the weight of the cat. However, the neurological signs did not improve. The cat exhibited cerebellar signs such as decerebellate rigidity (extension of the thoracic limbs and flexion of the pelvic limbs) and vertical nystagmus 20 days after the MRI. After the administration of mannitol (0.5 g/kg, IV, q12h), furosemide (0.7 mg/kg, IV, q12h), and an isotonic solution, the cerebellum signs improved. However, since deterioration of the cerebellum signs and general condition including anorexia and anemia (PCV 42% to 23%) persisted, syrinx-subarachnoid space shunting was performed 40 days after the MRI was performed. The cat died without recovery from general anesthesia.
Pathological examination revealed infiltration of lymphocytes and plasma cells and perivascular cuffing by monocytes in the spinal cord, cerebellum, medulla, and cerebrum. In the spinal cord, plasma cells also infiltrated the submeninges. In particular, the infiltration of lymphocytes and plasma cells was prominent in the fourth ventricle and ventral portions of the brainstem and aqueduct; mild infiltration was observed in the lateral periventricular region (Fig. 4a) . Moreover, the aqueduct exhibited stenosis (Fig. 4b) . However, most of the inner wall of the syrinx was destroyed by inflammation; some parts of it were lined by ependyma (Fig. 4c) . The condition was diagnosed as nonsuppurative encephalomyelitis and meningitis. It has been reported that the ventricles of a normal cat are too narrow to permit observation of the walls of the ventricles [9] . In the MRI findings of this cat, the ventricles were considered to be enlarged because the walls of all the ventricles were observed. However, the aqueduct was not observed, suggesting aqueduct stenosis or blockagede. Although enlargement of the fourth ventricle is observed when the outlet of the fourth ventricle is closed, the aqueduct is also simultaneously enlarged [18] . In this cat, it was suspected that enlargement of all the ventricles occurred due to blockage of flow in the aqueduct and the outlet of the fourth ventricle; this resulted in IFV.
The cat exhibited tetraparesis at the initial examination, following which vertical nystagmus and decerebellate rigidity became evident. It has been reported that decerebellate rigidity occurs due to injury of the rostral lobe of the cerebellum, and vertical nystagmus occurs due to injury of the cerebellum and/or the brain stem [4, 8] . In humans, it has been reported that IVF might cause various signs and symptoms including cerebellar ataxia, incoordination, diplopia, nystagmus, facial paralysis, dysarthria, dysphasia, pyramidal pathways disorder, disturbance of consciousness, vomiting, respiratory disorder, etc. In this case, tetraparesis and cerebellar signs were detected. Although cerebellitis was observed pathologically, the cerebellar signs improved following the administration of intracranial decompressive agents (mannitol and furosemide). Accordingly, it was suspected that these signs were caused by pressure on the cerebellum due to the enlargement of the fourth ventricle; the effect on the brain stem was mild because no cranial nervous signs were detected.
It has been reported that the signs of IFV occurs due to the increasing pressure in the fourth ventricle [6] . In humans, IFV is occasionally accompanied with upward tentorial herniation because almost all patients with IFV receive shunting treatment for hydrocephalus. Further, it has been reported that IVF may be associated with tonsillar herniation (foraminal herniation) [6, 12] . It has also been reported that although Chiari anomaly is a common cause of cerebellar herniation, space-occupying lesions in the posterior fossa may lead to tonsillar herniation [16] . It has also been reported that tonsillar herniation might be caused secondary to the increase in intracranial pressure [1] . In this case, it was suspected that tonsillar herniation was caused by the increasing pressure in the supratentorial and posterior fossae due to enlargement of the lateral and fourth ventricles. In this case, medication caused a transient improvement in the general condition and neurological signs, but these signs subsequently deteriorated. Although the MRI and CSF examination were not repeated just before the operation, considering the preoperative clinical signs, we suspected that the hydrocephalus, meningoencephalitis, and meningitis deteriorated, and the cat died due to the effect of anesthesia or intense change in the intracranial pressure due to a shunt therapy.
There are few reports regarding feline syringomyelia [2, 3, 11, 12, 18] . Furthermore, these were cases of deformation or hydrocephalus with blockage of the outlet of the fourth ventricle. It has been reported that syringomyelia following blockage of the outlet of the fourth ventricle was due to central canal enlargement (hydromyelia) that was caused by inflow from the ventricles [13, 18] . Hence, we suspected that the syringomyerlia of this cat was due to a hydromyelia because hydrocephalus, enlargement of the fourth ventricle, and an ependymal lining the inner wall of the syrinx were detected.
It has been reported that the MRI findings of FIP encephalomyelitis are enlargement of the ventricles and an abnormal signal in the periphery of the ventricles [5] . Moreover, it has been reported that FIP is a common infectious disease causing feline hydrocephalus [7] . In this case, enlargement of the ventricles was detected and the margin of the brainstem and fourth ventricle were enhanced in the contrast-T1 weighted images. In CSF analysis of the cat with FIP, it has been reported that lymphocytic pleocytosis and protein levels exceeding 200 mg/dl may be observed (CSF protein does not usually exceed 100 mg/dl in infection diseases despite the occurrence of FIP) [14] . In this case, an increase in CSF protein level was detected. Pathological findings of FIP encephalomyelitis revealed ependymitis and epiventriculitis in the fourth ventricle, meningitis, choroiditis, and infiltration of lymphocytes and plasma cells [5] . Moreover, it has been reported that the degree of meningeal infilteration increased towards the ventral and caudal regions of the brain and was most severe at the base of the cerebellum and the brain stem, including the medulla oblongata [5] . In this case, there were lesions in the fourth ventricle, brainstem, and cerebellum, that were enhanced in the contrast T1 weighted images. The pathological examination revealed inflammation of these lesions. The ventral portion of the brainstem in particular was prominent. These findings resembled those of a previous report [5] . Based on the MRI findings, pathological examination, and CSF analysis, it was suspected that in this cat, FIP encephalomyelitis caused stenosis of the outlet of the fourth ventricle and aqueduct and that the cat had IFV and syringomyelia. In human, postshunt isolated compartments were classified as isolated unilateral hydrocephaluse, isolated fourth ventricle, isolated rhombencephalic ventricle, and isolated central canal dilation [15] . Isolated rhombencephalic ventricle, characteristic of enlargement of the fourth ventricle and central canal, causes resultant from progressive of isolated fourth ventricle. In this case, it was considered that the condition of the cat was identical to that of isolated rhombencephalic ventricle, although the cause of each differs. Here, we report the case of a cat having IFV with syringomyelia suspected to be related with feline infectious peritonitis (FIV) encephalomyelitis. This is the first such report, to the best of my knowledge.
